Summary Angiotensin II (All, 5 ,ug) injected into the cerebroventricle produced hypothermia in conscious rats at ambient temperatures (Ta) of 18, 23, and 28°C. At Ta of 18 and 23°C, All-induced hypothermia was attributed to both enhancement of heat loss and suppression of metabolic rate. At Ta of 28°C, All-induced hypothermia seemed to be mainly attributed to increased heat loss.
We recently observed that Intraventricular administration of angiotensin II (All) produced an elevation in mean blood pressure (BP) with a bradycardia as well as a decrease in metabolic rate (M) and colonic temperature (T01) in rats at an ambient temperature (Ta) of 18°C (Jpn. J. Physiol., in press). Since the sinoaortic deafferentation diminished the reduction of heart rate (HR), M, and Tool following All administration, it is suggested that the baroreceptor-mediated suppression of M contributes to the hypothermic effect of central All. Concerning the action of All on the heat loss mechanisms, the observations on the tail skin vasomotor response were controversial. Although U N et al. (1980) observed the inhibitory effect of Intraventricular All on the heat loss responses in the rat, an enhancement of heat loss mechanisms was found in the rabbit (UN, 1980) . Therefore, the present study was attempted to investigate the effect of intraventricular All on the rate of heat loss with a direct calorimeter at different Ta in conscious rats. Additionally, the influence of Ta on BP, HR, and M changes following All injection was also examined.
Male Wistar rats (280-320 g) were anesthetized with pentobarbital sodium (50 mg/kg, i.p.) and a 22-gauge stainless steel cannula was stereo-taxically implanted into the left lateral ventricle. After more than 10 days, the animals received a second operation. A polyethylene catheter (o.d. 0.6 mm, i.d. 0.3 mm) filled with heparinized saline for measuring BP was inserted into the abdominal aorta via the right femoral artery. The catheter sealed at the distal end was tunnelled subcutaneously and brought out through the back skin of the neck. On the next day, the rat was loosely restrained in a cylindrical wire mesh cage. A thermistor probe was inserted 6 cm into the colon and fixed with vinyl tape on the root of the tail. Four copper electrodes for ECG recording were attached to the chest skin. A stainless steel injection needle connected by a polyethylene tube containing All solution was inserted 0.5 mm beyond the tip of the ventricular cannula. A vinyl-chloride pan filled with vegetable oil was set underneath the rat cage to collect urine and feces and avoid the evaporation from the wastes. Rats were subsequently transferred into a direct calorimeter 12 x 23 x 12 cm in size (NAGASAKA et al., 1979) . The wall temperature (Tw) had been chosen to be either 18, 23, or 28±0.02°C, and temperature controlled dry fresh air was drawn through the calorimeter (2 1/mm) into a Beckman 02 analyzer (Model 755, USA) for the measurement of 02 consumption. The metabolic rate was calculated as W/m2 with a RQ=0.83. Dry heat loss (H) was measured with the direct calorimeter and also calculated as W/m2. BP was monitored with a pressure transducer (MPU-0.5, Toyo Baldwin, Tokyo) via the arterial catheter, and HR was counted each minute from ECG recordings. All the variables except HR were continuously recorded on potentiometers (MC 6735, Watanabe Sokki, Tokyo; SP-H6P, Riken Denshi, Tokyo). After the records had been stabilized for 90 min, 5 ,ug of All (Peninsula Laboratories Inc., San Carlos, USA) dissolved in 3 ul saline was injected into the lateral ventricle of rats. The measurements continued for the following 30 min.
The mean values (n=6) of BP, HR, Tco1, M, and H before All administration at Ta of 18, 23, and 28°C are summarized in Table 1 . As Ta rose, the resting values of BP, HR, M, and H decreased but Tco1 did not change. After intraventricular injection of 5 µg of All, BP rose rapidly by 30-40 mmHg and the hypertension lasted for about 20 min at all Ta (Fig. 1) . Although the hypertension is associated with bradycardia at Ta of 18 and 23°C, no bradycardia occurred at 28°C despite the marked elevation of BP. Tco1 fell following intraventricular injection of All at all Table 1 . The resting values of mean arterial blood pressure (BP), heart rate (HR), colonic temperature (T01), heat production (M), and dry heat loss (H).
Ta. The fall of Tool was larger and longer as Ta decreased. M was significantly suppressed following All injection at 18 and 23°C, but was increased at 28°C. Intraventricular All increased H at all Ta studied. The maximal increases in H were attained within 5 min and then it gradually declined with different time courses depending on Ta. At Ta of 18°C, H significantly decreased from 13 min after All injection. This change, however, does not necessarily indicate the inhibitory effect of central All on heat loss mechanisms, because Tool simultaneously fell at this condition and the temperature gradient from deep body to wall of the chamber decreased. As an indicator of the change in heat loss mechanisms, we calculated conductance (k) with the equation of k=H/(T 01--Tw), and observed no significant decrease in k within 30 min. The present result demonstrated that intraventricular All activated heat loss mechanisms, i.e., cutaneous vasodilatation at various ambient temperatures from cold to warm in conscious rats. UN et al. (1980) reported the controversial result that intraventricular All inhibited heat loss mechanisms in the rat. However, we should note that in their experiment the tail skin temperature temporarily rose following 20 ,ug of intraventricular All at Ta of 8°C. Therefore, their observation does not seem to suggest exclusively the inhibitory effect of All on heat loss mechanisms. The findings that iontophoretic application of All inhibited the neural activity in cold-sensitive neurons and excited warm-sensitive neurons in the preoptic area (KIYOHARA et a!., 1984) may support our conclusion. Metabolic rate decreased following All injection at 18 and 23°C as shown in previous studies (UN, 1980; LIN et a!.,1980) . On the contrary, M increased at Ta of 28°C. Although we have no specific explanation for this increase in M at present, the excitatory effect of central All on adrenosympathetic activity (SEVERS et al., 1966 ) might be partly responsible for the increase in M. Thus, it can be said that All-induced hypothermia is caused by both an inhibition of M and an enhancement of H in a cool environment and by only the increase in H in a warm environment.
Intraventricular All raised BP in a similar fashion at all Ta. This hypertensive effect is explained by both the stimulation of vasopressin release (HAACK and MOHRING, 1978) and the increase of central sympathetic outflow (BUCKLEY, 1972; FERRARIO et al., 1972) . The bradycardia after All injection was reduced as Ta rose and disappeared at 28°C. The different response of HR to All between Ta may depend on the difference in resting HR (Table 1) , which means that further reduction may not occur at the low resting HR at Ta of 28°C.
